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= Abstract =

Acoustic Analysis of Classically Trained Western Singers

Sung Min Chung, M.D.
Department of Otolayngology, College of Medicine, Ewha Womans University, Seoul, Korea

Background and Objectives : Classical singers are capable of masking abnormalities due to
their high level of training and may present with apparent technical deficits rather than with
obvious dysfunction. Therefore, some variations from expected normal laryngeal behavior may
be present in trained classical singers. Consequently it is important for otolaryngologist to
obtain a baseline assessment of their laryngeal function.

Materials and Methods : Acoustic measurement including strobovideolaryngoscopy from 50
classically trained singers was done for this study, which was compared with the data from 20
untrained adults.

Results and Conclusion : This study showed that 50-healthy asymptomatic classical singers
revealed an incidence of 50% abnormal strobovideolaryngoscopic findings, but their acoustic
data was within normal limit despite the abnormal laryngeal findings. Therefore the author
recommends that the classical singers need objective voice analysis and their baseline data
should be used for the accurate diagnosis of the cause of voice dysfunction in classical singer
whose baseline laryngeal behavior may be unusual.

KEY WORDS : Classical singer - Acoustic analysis.
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MEEetE AFoz sk 10tlelA 30th Aol &
Y gl 50% (A 18, 7k 32%) & tideE 8t
Ak, oL 3d ol Aot FhE T2 ATl A
g5l ek, it el AE AR ol
o, ol HAYG FFEH] HHo| glglen AA
H3Y 24 ANE TheA dn Ao Gt iz
o
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2. AYH

1) ¥F 2EZHATAD YA

2E ZArks 34 574 (Kay Elemetrics, Model
9105, USA)<= &3] 719 2H(CCD camera, Kay El-
emetrics, Model 9111, USA)¢} #5758 (Computer,
Multimedia system, Kay Elemetrics, Model 9140,
USA)e| FFAE2H 239 (Rhino-laryngeal Stro-
boscope, Kay Elemetrics, Model 9100, USA)S A}
2319 728901, BE 715-& S-VHS Model 9132
& Ao 3t 9 A AEk )

2) &

249 &3sA 24-& Computerized Speech
Lab(CSL. Kay Elemetrics, USA)% Multi-Dimen-
sional Voice Program(MDVP) Model 43058 A&}
Act. 552 $AjelA wlo]=E SlollA o 10cm 71
A g F=F o F 7Fesld BAAIe 2L golol 2
712 oF 33t "of RgAEE A&H o2 WARIEE
3lglom o[ 23] o] AAIEl] J1 T BAE] o
TR A& sttt MDVPEM e B7|231%
4=(Average Fundamental Frequency, Fo), 87| &
AEge RFHAH(Standard Deviation of Fo, STD),
71275 o] (Fundamental Frequency Variation,
vFo). Jitter, Pitch Pertubation Quotient(PPQ),

2yoy AN

Shimmer, Amplitude Pertubation Quotient(APQ),
&) Z94](Noise to Harmonic Ratio, NHR)%
o WSS S olE A2HE B 4drtE
9 4% 4 FF2ERRATY LA et B Wkl
o E3 AortEe] AHE JLEFEs A w2 ¢
H 39l o] Aalelw Hlwmsle] Bkt

3 1

A AFL 5A 4 AR Statistical An-
alysis System(SAS)% Hann-whitney test® ©|-&
sto] Zt Azte] Hit, TFUAE vnslg T 7
& BB E T

fid
=

ArFE Al AdRlEe AFE EXE 9E 19,
W 2AaTa: 4%, 2T 279, g 9
HolQth SAANE AR L AAlA ozt
32 %F 138 (41%)%to] B4 Adl 271, 19%
(59%)l A Al HAE Jehdz IAct. @Ak gl
18% GA] &4 o7t glvieke 998 (50%)1A A
HE #2E 4 A Table 1). A0 Ao AE
EE B orle] A9 GEE 15 R B34

2L Holn YR, W SZePe 4HF 390
‘dolx 1He] e =4 vF 424& Ent e
aZghe 2THF 9Tl B4 4E 7Kz I
1880] gl WHE Jvehla itk (Table 1). &
Jetlel A= velE 98 F 58] A AuiAE
VERIASL 4 o] ) WHol len, HY 9 Fol
ME 4gTto] A AR 59 Ao Wlo] BA
HAHTable 1). FZLE AEZALL AAte] A$- o
Bk Al 1553+3.56%, A4 AUE 7 A
< 20.81£7.862% Ayl A3l Hig) BAg AR
el dA F7HE m, Al A-e] gle Al
16.58+2.84% AUY =4 v 270] e Aol
< 15.91+2.64%, Ao FEFo] e AL 20.10
+0.57%, ddie] g A7t e gl 19.28
+3.65%2 AJul Wwo] gtz dnliele] s F7t
Fo] Uit

Bt 718 4t F31-e 204.52+27.06Hz,
A AUE 42 Aokl 220.97+23.86Hz, A 4
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Table 1. Laryngovideoscopic findings in classical singers without complaining present dysphonia

Normal Vocal

Vocal fold Posterior Incomplete

vocal folds nodule thickening gap closure Total

Alto 1 1

Female Mezzo-soprano 3 1 4
Soprano 9 5 6 2 5 27
Subtotal(%) 13(41) 5(16) 7(22) 2(6) 5(15) 32(100)

Bariton 5 2 2 9

Male  Tenor 4 2 3 9
Subtotal(%) 9(50) 4(22) 5(28) 18(100)

Total(%) 22(44) 5(10) 11(22) 7(14) 5(10) 50(100)

ol

o] 9l& Aotel 223.76+16.13Hz, Ao 4 H]
Azo] QlE Aetele 225 68+21.09Hz, At £EF
o] gl Aokl 202.12+0.15Hz, Aviel B4 ¥
A7t Qe Aotele 239.36+28.03HzE LHllo] H]
8 Z715o] Qith BE /1 BAESe] FRHAE I
WY 3912 3.50+1.87THz, 34 A& /M Adde
2.27+1.00Hz, At 24& 7zl AJekelL 2.01+0.19
Hz, gdle] 54 v $F &4 gle Al 2.53+0.
T9Hz, Al FFFo] e Aol e 2.62+0.25 A
9] B2 A7t e A 4.03+£3.18Hz2 Uwt
Ao g Aotoldla dulele] uja)] Zigo AT 7]
ERES Hole ot A& 1.71+0.88%, B4 4

E 71 Aol e 1.04+0.48%, A 24E A
Aokl 0.91+0.12%, A9 =4 8§ 20| e
Agetele 1.11+0.51%, At FEFo| e Adue
1.29+0.12%, el 24 #4471 e Aol 1.
72+1.44% A¥RIETE AokeloA ZHaEo] ULt
Jitter&-2 dut B4 7+ 1.20£0.76%, B4 4

2 71 Aol e 0.79+0.68%, A Ado] e
Jorele 0.63+0.17%. Adle =4 B|F &0 U=
491 0.9910.52%, AFE Tl U= 4L
0.95+0
76+1.85% 2 A ARlelA WHlol glrjgte duile|
v A = ZHaE o] U

Pitch Perturbation Quotiente 94t 474912 0.69
+0.43%, A7 AAE 7R Aele 0.3910.29%, 4
) Zdo] & Aokl 0.37+0.01%, Athel =4 H]
T 270] Qe Al 0.58+0.30%, At FEFol
e Akl 0.56+0.34%, Athel B4 Hi7t e
Aelele 0.99+1.07% = B3] F4 AdE 71 Aol
AuIRT} BAF R o9 QA FHaso] glSitt

rlo

Shimmer&-2 Aubga1e] 73-¢ 3.50+1.28%A1L, 3
BUE 71 AgRlL 2.01+0.60%%0H, Alt) 24
o] A& AolL 1.86+0.04%, Athel =4 w|F 24
o] iy Aletele 254+0.759 1, AUl FUFo] Y&
Adetele 31620.16%A3, Ahe] B Ha7t de
Aletole 3.02+1.699¢ . Amplitude Perturbation
Quotients YuFg/dR1e] 745 2.46+0.86, HdAHE
7HA Aotel e 1.48+0.44%, AthAAEe] e Aol e
1.36+0.26%, 49 =4 ¥F &ro] gle el
1.86+0.53%, At $E3o] U AUl 237+0.23
%. A3die] B Ha7t e AUl 2.05+1.06%%
delell A BAIH om ofe] glAl dniQlrc) 7w o]
AN, A FLFol e AN HF Aokl b
B Ao 9] A F7ko] AUt FE =5
HE ek 4R 0120101 A% AdE 7R A
QAL (.11, Ao ZAo] &= YA 0.10, Ao T
3ol e AL 0.15, Aule B4 HAgvt e A
o1& 0.130|%H(Table 2).

datel] Qloid HAEA R EAIZRS Ik ARl
17.60+5.112 f3u, A4 AdE 713 dekl 21.4
+5.529.200 Aule F4& u% 2z e Al
22.80+4.22%, At $EFol U= AL 20.36
1.2722 dukeld)] vj3)] AdeldlA F715 o] Uit
B 7| EAEFE 4y AR 127.72+£50.45Hz,
A AAE 71 Al 127.39+28.90Hz, Al
T4 8] E o] g AYQlE 119.04+28.32Hz, 4
T 2ol e ALY 115.92+17.55Hz9¢.
T 71EA%se TFHAe 49 34e 1106+
33.0Hz, 3’4 AUl 713 Aol 1.08+0.24Hz, 4
o] ZF4 v|E 7] e Ak 0.93+0.23Hz, A
) 3gFo] g Aetele 1.12+0.43HzQ 0}, 7184
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Table 2. Means and standard deviation for acoustic measures from phonated vowel /a/ sound of classically trained sing-
ers and normal adult in female
MPT(sec)* Fo(Hz)* STD(Hz)' vFo(%)" Jit(%)*  PPQ(%)** Shim(%)'" APQ(%)'t  NHR¥

Normal adult 15.531£3.56 204.52+27.06 3.50£1.87 1.71+0.88 1.20+0.76 0.69+£0.43 3.50+1.28 2.46%+0.86 0.12+0.00
Classical singers

Normal vocal folds 20.81+7.86* 220.97+23.86 2.27+1.00 1.04+0.48 0.79+0.68 0.39+£0.29* 2.01+0.60 1.48+0.44* 0.11+0.00
Vocal nodule 16.58+2.84 223.76+16.13 2.01+£0.19 0914012 0.63+0.17 0.37+£0.01 1.86+0.40 1.36+0.26* 0.10+0.00
Vocal fold thickening 15.91%£2.64 22568+21.09 2.53+£0.79* 1.114£0.511 0.994-0.52 0.58+0.30 2.54+0.75 1.86+0.53 0.15+0.00
Posterior gap 20.10£0.57 20212+ 0.15 2.62+£0.25 1.29+0.12 0.95+0.59 0.56+0.34 3.16+0.16" 2.37+0.23" 0.13+0.00"
Incomplete closure 19.2823.65 23936+28.03 4.0313.18* 1.72£1.44 1 76+1.85 0.99£1.07 3.02+1.69 2.05£1.05 0.11+0.00

*p<0.05 in the comparison between normal adults and classical singers
¥ p<0.05 in the comparison between classical singers with normal vocal folds and abnormal vocal folds

# Maximum phonation time §Average of fundamental frequency || Standard deviation of Fo
9| Fundamental frequency variation #}itter percent **Pitch perturbation quotient
1 T Shimmer percent #% Amplitude perturbation quotient §§Noise to harmonic ratio

Table 3. Means and standard deviation for acoustic measures from phonated vowel /a/ sound of classically trained sing-
ers and normal adult in male
MPT(sec)'  Fo(Hz)! STD(Hz)!  vFo(%) Jitt%)"  PPQ(%)"  Shim(%)* APQ(%)T' NHR'!

Normal adult 17.60+£5.11 127.72+50.45 11.06+33.00 1.741+0.89 1.15+0.80 0.68+0.49 3.73+0.84 2.88+0.73 0.13+0.00
Classical singers

Normal vocal folds 21.44+5.52 127.39+28.90 1.08+0.24 0.87+0.19 0.42+0.25 0.24+0.15* 2.47+1.21 1.92£0.78* 0.12+0.00
Vocal fold thickening  22.80+4.22 119.04+28.32 0.93+0.23 0.78+0.01 0.34+0.13* 0.20+0.01* 2.20+0.28 1.921+0.14* 0.14+0.00
Posterior gap 20.36+1.27 11592417.55 1.12£043 0.95+0.29 0.45+0.01* 0.25+0.00* 2.42-+0.72 2.04+0.81 0.11+0.00

*p<0.05 in the comparison between normal adults and classical singers

1 Maximum phonation time # Average of fundamental frequency §Standard deviation of Fo
| Fundamental frequency variation 9| Jitter percent #Pitch perturbation quotient
**Shimmer percent 11 Amplitude perturbation quotient % # Noise to harmonic ratio

Holz ok HAdE 1.7410.89%, B% AdE 92 1.9240.14%A2, At FTFFo] Ue Aol
7};‘] Q91 0.87+0.19%. ANe] FA HF A7S 2.04+0.81%2 AHARldlN EA g o9 A 7
7H gl E 0.78+0.01%, Aol FEFol Sle 4 4F] AT AU 2ule duk FAAL 0.13,
¢l 0.95+0.29%9 ¢t} Jitter&2 it FA491e] A A4 AdE 7=l *é‘i}?lﬁ 0.12, 4de] =4 vlF &
% 1.15+0.80%. B3AUE 712 Adele 04240, AL 7FK ARl (.14, A FEFo] A& A
25%, 49l =4 HF 2248 7B el 034 2 0.11°AHTable 3).
0.13%, Bd) FE3Fo] & AL 0.45+0.01%%
t}. Pitch Perturbation Quotient®= ¥xt A4l e
0.68£0.49%. A% ANE 77l gl 0.24+0.15
%, Aol F4 HlF &d& 7Rl A9l 0.20+0. +HEE EAL Al oajx] ThEolx 24 A
01%. 2dl $EFo] A& doARNL 0.25+0.00%2 4 B &3k ez AF a4 24 ddddr v
QoA duteinc} SAF o= oo IA ZiaEo AdH oz 7 go| FasH o]l £ 1 e 4 4
AUAATH. ShimmersS Hxt FAdele] A 37320, Alelt} 23y SR e 7 84 AF 4o o]y
84%%R3L, A4 AUE 717 4 —J{O] & 2.47+1.21%% 17 FEHOE ALE- EH F e 2R Y 7|E
on, Auie] F4 8% 20 = ARl 22010, o] AR fle A3 es 7 Agaoint HeldA
28%R 1 Al FEFol A= *é‘ﬂr 18 24220.72% 72 AR88laL gle M2 iR B4 718X
@th. Amplitude Pertubation Quotiente €4k 34 2 Astd 4 BAo| o] &1 & Bolrt o
212 2.88+0.73% 2 FAHNE 7R Aofele | A% IBM C Speech(A/D, D/A Card) DT 2821%&
92+0.78% oM Ao T4 ¥F AAS /1 Aok o] 83HAY Dr. Speech Science Program®, CSL

=
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4300B(Kay elemetrics Corp)¥) MDVP(Multi-Di-
mensional Voice Program)??5-& o] 43l 34 A
Q de ZIEAE FEts 1 ARE 5 Aol
e AFEET v A% Bugo] gt

et o} 7] FllellM e SEFE T FE
W3l T2 M Fo4E AFo e Adld o)
3 W2 233 JEXE e JHE g9 F4Ue
712 ¢ vl wale] FFEAE Algsta e Aol
o el M &S wE AR Aol A 5F
7180y 35 F7el ofd o] o] WA YT 2
Zlddle o|A& 7ImA LR BAitsl] A7 AY @
ool 7\m BEo2 FHFat] £ WHol 7| 5o]
e e 25 dlen P Az A #Eel gl
2 Hx3k &30S 4471 “flow phona-
tion o 2l&) =3 HB2E ghe Ao 2 wsle
A B+ Un?

oA B 7S 244 g A Ee A
F AoRle] AUl IA4 IF2ESH TR #F
311 1 AHE SFRATH A 2o} vlwsle] B
gor Eg FRAERRAFYY F4 ARE 1A
I 24 BNE A dx o FAE A gL
oyt gdlel Azele vlwate] Bgich B Aol
Aue) $Ere2R AT 278 HiranoS%0] Ao
¢ FHA kel B33} Hhol Ad) el Wi =
A ARE SV AT F8E o757 B F 3
7] w&oll, Aol Al ¥ e E F 3] D]
e i ozl AMgslglon, Jade Ad 24,
Adle] 22 uE A4, Adl $EF, Al B4 o
4 Fo2 B vasistt 1 23 &4 AlE 54
2] e EU Al 508F A ol A
1999 (59% )X Adf Hio] Ao, dAe 45=
99 (50%) A Al Wde] FHEHATE o] EliasF
o} g5 ] AZetI 24 Aol Tl flE AE Aot
AE FFAEZWATTZ AR A7} 58%01A H]
A4 Al 2238 2A Y Budls Y5k gl
o Az Aol & axehicoA g Hel I

2o #4471 sholv e AL

e & 2g EA o) ofg Ao 2 Al

web B A 53 BAA A4 AUE 7R
‘goRRlF} gul WHle] e AdIEe] ATE WEo|

BAs E3 o5 AUE B4 4B 1A il

it
L,
Hir

!
oX
=0
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o

de

o 2ok vl Eith AR AL JUY
Aol 25 Ao el FAgle] IS EL S
o] UL, B3] B4 e 71 o7} RIS dvt
el vl ARz o9 A F7HE Ut 28
U AeklEzte] HlaelA Agd el gojeke A4
AAE 71 g eflel uis) HALd A &A|zte] SAA
o2 99 gA A2d 7 /it ol ARE A4
IS T ool 7 Z&E 7Bl Thso] A&
e & 243l 1R8-S YYRIERT} 3~44] o]
4 SN & Q7] dEel® A Ee] glojd A
7F 2 AA =R Lot 5719 d-o] rjeke WAE
Alzte] 3A ZaEA Gethe 2E EAT U
HR7I 2T EA ol o W] gdEglel
At g 2 Aot YA AR Agefele] A
dntz o dAnkeld vl 7| 2557t 7=l e
7%l A3 53] A9 54 vF7t AU A
244 A7 ARG Aol SARCE o9 A F
7Fse] $igint. dub e g 71 @8FrE AuY 8%
7t F7FEAY, &3Sl S7HE R, AFshe e
Zo|7} gotulE W St A Aol FHEUS
o Zasker], JoRRIES W E-d o8 5249
AAEZ} F7kE01 971 Wl 7183557t dajls
B} Z71Ee] e Aoz Az, dd ¥Rl Sl
A= E7eta 71@ESE Lukle) Hlg) AH R
ool Al F7kE0] e AL AARlEe] BT
olaf 27) WS LA fl8l 7w e RAdshe
Aoz BAHH webA] o9 22 o] f=2 ZAUSNM
Z7)elle Zdie] BHlo] IH2ke S9Nt =2 HA
s 7 dou AuR Bl o8] o] 17
o] A&xo] B AL WAEH ) Wl &%
74 Bel7t ddHes 27)d A g FEstA
Aeksted Aje] ARl 232 olgAE F Sle A
F¥ol Besittn AmEnt.

b ol RN VEEsY] BEEst
FoRe] Wol7h At AR ZaE 8
53] oz} JAQlellA 8 dUE 7R A=
Aol 2ol g AN E BAXH R 29
Al A&so] T Gt Al FA] o e
daglol BT FAHCR o9 A Lnt FgdEnt
2o ATt ol A AdaUAlEe] duldl
Hlg) 7| B2F7} o) - P Slge HoFa 8l
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vha AZbE gl 7 FEeit} 71221540 Azt
2 Z1Zo] B A5 4ol AR A HEd,
7} 259 F7lulct A|Zke) EiElAd g onshe jitt-
er¢t 7} F7injrte] 7Zxe] BAAd S 9fnldhe sh-
immer= 2439 224 (roughness) 358 &3 o
2 Fgster o] 8Ht. Jitters A4shs Wl o}
2t A 348 5 dedl, B APoME jitterd
3} pitch perturbation quotient(PPQ)Z AAtsls
th o A7 ] Aokl BF A Wi Aglol =
T duklel] W) jitter&3 PPQ7F #As o] 3w
53] ozt deRleld e Adizk 49l A S PPQ7E
URilof Hls) BAHCR freldiA FaEol Ut
A A9 AF Ao WHe] sldElE jitter®,
PPQ 2% gt A3 E BAZH o2 fosiA A
sol AU B AollA vt FAlY] jitter& S @
WRTF 1.2% A== Hof 8 A9 Bud 05~1.0
%" BT} 2k Z7hEo] )llont Aetelel AL of
9 A4 NEAEOE E2 X & el 9l
olg]dt At AYJUER FEITHY TN 2§
o] F&d] 2g] F7lEo] oR T jittergo] i
Tl AR, ek AoRlEY] SA4E ENE o
BAAEe B 718X E wE FAgsle] Fuste
o] Ha3ittn A Shimmerdt SA] Fd Ale
Ql 25 nk gAARlel Hla) A W] BAgle] A
b AARET AR R folslA sl gt
WA o2 BE Al Aol ¥e] gl v Aot
olgt® I Ayt B 4UE /HR gl vw
P& W FAHCE FoF & Aole gllout sh-
immergt, APQ, NHRE2 oxlolM At ZgFo]
RE A At FAkle) AHRYE ZAdo] gRe
U B3t E 71 4]l HisiM e EAH R 9
9] QIA Fvkslof slo] AAIES A VEAIL He
s RS = e Felsls)

48 e o

(HA

2 9

D) &4 FNE sa e 4ol 508 F ARk
59%. AR 50%1M FFAERB AT Ju) 8
#lo] WRARC)

2) 4FusE fxehold % 4o Pas] 2y
o] E34TH66.7 %).

3) HEA AEAHE Al A Aol B
FAGe] Dt Gl BlaiA] S e &
3] A AdE 7H AL ARl = dRiele] b3
EAH o2 o9 YA Z7H=E o At

4) 7125, 71830%5e AR, 71EERE
ol 52 Akle] YriRle| Hla] PP U :, jitt-
er, PPQE A <lo] A ¥Ho] srjghkz Al
Hlg] s o] Jglon, 53] YAt Al B
Aoz fofstA ZaEel Ui, Shimmer, APQ
A} gole] A Wo] gleie dxlcle] v)3) &
ARz o9 A Fas o] AU
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